Background
Introduction
Overweight and obesity have reached epidemic proportions worldwide and represent a major global health burden in light of their numerous co-morbidities, i.e. cardiovascular disease, diabetes and cancer [1] . Psychological and cognitive processes have a strong influence on dietary intake. For instance, reduced mealtime attention to what one eats, due to distraction or lack of visual information on the amount of food consumed, has been shown to increase immediate intake and possibly later intake as well [2] . In observational studies, the likelihood of overweight or obesity increased with the frequency of eating while performing another activity, such as watching TV [3] .
Increasing awareness of food and of the eating process might be an effective alternative to restrictive diets [2, 4] that have little effect upon long-term weight loss [5, 6] . Mindfulness can be defined as the awareness that emerges through paying attention on purpose, in the present moment, and nonjudgmentally to the unfolding experience [7] . This set of skills is innate, reflected in a general tendency to be mindful in daily life, but can also be developed via meditation and relaxation exercises [7, 8] .
Dispositional mindfulness has rarely been examined in epidemiological studies. The few observational studies showed contrasting results, with a negative association between dispositional mindfulness and weight gain [9] or else no overall significant differences in anthropometric measurements between less mindful and more mindful groups [10] . Few observational studies have specifically addressed mindful eating, which can be defined as non-judgmental awareness of physical and emotional sensations associated with eating [11, 12] . Those studies showed a negative association with BMI. However, previous studies were carried out on samples limited either by small sample size or by the lack of demographic heterogeneity (students, military recruits and women), and most of them did not take into account potential confounding factors that could influence both mindfulness and weight. Large population-based studies are needed to clarify these associations.
Mindfulness meditation was first introduced into medicine and health care as a complement to medical treatment to help patients cope with stress, pain and disability [7] . The literature supports the usefulness of mindfulness-based stress reduction programs for a broad range of chronic disorders in stress-related outcomes [13, 14] . Mindfulness-based interventions have been recently extended to the treatment of obesity and related eating behaviors [15, 16] . Several mindfulness-based interventions reported positive but overall small effects on body weight, i.e., weight maintenance [17] and weight loss [18, 19] , among overweight/obese participants. Other studies presented non-significant results [20, 21] .
Thus far, the role of sex in the association between dispositional mindfulness and weight status has not been investigated in the literature. However, some studies reported sex differences in mindfulness [22] [23] [24] and its subscales [24] [25] [26] , and in their association with physical activity and dietary self-efficacy [26] ; in addition, sex differences in the association between personality dimensions and BMI have been found [27] .
There are several self-questionnaires aiming at assessing dispositional mindfulness, with a number of subscales ranging from 1 to 5. Mindfulness can be conceptualized as a "unified construct", but multiple underlying factors have also been identified [8, 22] . The Five Facet Mindfulness Questionnaire (FFMQ) was developed from several mindfulness questionnaires to assess an individual's level of mindfulness in everyday life [28] . It has now been validated in different populations [24, 25, 28, 29] and is widely used.
The aim of the present study was to explore the association between dispositional mindfulness and its facets, using the validated FFMQ, and weight status, in a large sample of participants in the NutriNet-Santé study. We also sought to determine whether these associations differ in men and women.
Methods

Study population
Participants were volunteers in the NutriNet-Santé study (https://www.etude-nutrinet-sante. fr), a large-scale population-based ongoing prospective observational cohort study that is exclusively web-based. It was launched in France in May 2009 with a scheduled follow-up of at least 10 years. It aims to investigate the relationship between nutrition and chronic disease risk, as well as determinants of dietary behavior and nutritional status. The study was implemented in the general French population (internet-using adult volunteers, age 18 years). The rationale, design and methodology of the study have been fully described elsewhere [30] . In brief, prior to inclusion, participants complete a baseline set of self-administered web-based questionnaires assessing dietary intake, physical activity, anthropometric characteristics, lifestyle, socioeconomic conditions and health status. As part of the follow-up, participants are requested to complete the same set of questionnaires every year. Moreover, each month, participants are invited by e-mail to fill in optional questionnaires related to dietary intake, determinants of eating behavior and nutritional and health status. This study is conducted in accordance with the Declaration of Helsinki, and all procedures were approved by the Institutional Review Board of the French Institute for Health and Medical Research (IRB Inserm n°0 000388FWA00005831) and the Commission Nationale de l'Informatique et des Libertés (CNIL n°908450 and n°909216). All participants provided informed consent with an electronic signature. This study is registered in EudraCT (n°2013-000929-31).
Data collection
Mindfulness. Dispositional mindfulness was assessed in January 2013 using the French version [29] of the FFMQ [28] . The FFMQ assesses the propensity toward being mindful in daily life, and consists of 39 self-reported items covering five facets of mindfulness: "observing", "describing", "acting with awareness", "non-judging" and "non-reactivity" [28] . The "observing" subscale includes noticing bodily sensations, emotions, odors and shapes of our surroundings; "describing" refers to labeling internal experiences with words; "acting with awareness" involves paying full attention to the activity of the moment, as opposed to behaving mechanically or inattentively; "non-judging" is related to acceptance and a non-judgmental approach to experiences; and "non-reactivity" refers to the tendency to allow thoughts and feelings to come and go without letting them take over. We slightly modified item 31 of the French version of the questionnaire by changing the word "pattern", which is an Anglicism, into a French equivalent "contrastes". We felt this change would improve the understanding of this statement in the general population. Items are rated on a 5-point Likert-type scale ranging from "never or very rarely true" to "very often or always true". Individual item scores were summed in each of the five subscales, which were then summed into an overall mindfulness score. The resulting scores were divided by the number of items in each subscale or in the overall scale, as appropriate, leading to a possible range from 1 to 5. Higher scores indicated a greater degree of mindfulness. In our dataset, all items composing the overall mindfulness scale displayed good internal consistency (Cronbach's α = 0.89) and subscale Cronbach's α-coefficients ranged from 0.75 ("non-reactivity" subscale) to 0.89 ("describing" subscale).
Anthropometric measurements. Height and weight data were collected at enrollment and each year thereafter by a self-administered anthropometric questionnaire [31] . The closest available data to the FFMQ questionnaire were used. Average time between assessment of mindfulness and anthropometric measurements was 4.6 months (SD = 5.3).
BMI (kg/m 2 ) was calculated as the ratio of weight to the square of height. Participants with BMI <25 were classified as underweight/normal weight, participants with 25 BMI < 30 were considered overweight (excluding obese) and participants with BMI 30 were considered obese in accordance with WHO reference values [32] .
Covariate assessment. Potential covariates were identified based on evidence in the literature [8, 26, 33] , i.e. age, education level, smoking status and physical activity. At inclusion, participants provided data on demographic, socio-economic and lifestyle characteristics, including sex, age, education level (primary, secondary or university), smoking status (neversmoker, former smoker or current smoker) and physical activity. Information was updated at one-year intervals. Physical activity was assessed using a short form of the French version of the International Physical Activity Questionnaire (IPAQ) [34] . The weekly energy expenditure expressed in metabolic equivalent task minutes per week was estimated and 3 categories of physical activity were defined [low (<30 min/d), moderate (30-59 min/d) and high (60 min/d)]. The practice of relaxation techniques was also assessed at the end of the questionnaire on mindfulness. Specifically, participants were asked whether they were currently using a relaxation technique such as yoga, tai-chi, qi-gong, sophrology, meditation or other. Sophrology is a European relaxation technique which relies on voluntary respiration, body relaxation, visualization of body parts and positive images associated with experiences. It is guided by the voice of a professional, but requires active involvement by the participant [35] . Participants who answered "yes" were considered current users, those who answered "yes, in the past" as former users and those with a negative answer as never-users. Current users were also asked about frequency and duration: "How often do you practice this(these) activity (ies)?" and "For how many years have you been doing in this(these) activity(ies)?" Participants who practiced at least once a week and for at least one year were considered regular users, while other participants were considered occasional users.
Statistical analyses
Student's t tests were used to compare included vs. excluded participants and to assess sex differences for continuous variables and chi-square tests for categorical variables. Quartiles of mindfulness and its subscale scores were defined for the entire sample and for each sex when required. Participant characteristics were compared across quartiles of mindfulness scores using linear contrast tests for continuous variables and Mantel-Haenszel chi-square tests for categorical variables. Multinomial logistic regression models were performed by calculating odds ratios (OR) and 95% CI to determine the strength of the association between weight status and the level of mindfulness and its subscales (taken in quartiles or continuous). Tests for linear trend were performed using the ordinal score on quartiles of mindfulness and its subscales scores. Interactions between mindfulness, its subscales and sex were tested. Since interactions between sex and mindfulness, as well as "describing" and "acting with awareness" subscales, were significant, all models were stratified by sex. Variables and interactions that reached P < 0.15 in univariate models were retained for inclusion in the initial multivariate model. All variables reached P<0.05 and were thus retained in the full model, including adjustment for age, education level, smoking status and physical activity. Missing covariate data for physical activity and education level were imputed using the multiple imputation method.
Sensitivity analyses were performed, excluding participants who reported current use of relaxation techniques, since previous studies had suggested that the "observing" subscale may operate differently in samples with and without meditation experience [8, 28] .
All tests of significance were two-sided and a p-value <0.05 was considered significant. All statistical analyses were performed using SAS software (version 9.3, SAS Institute Inc.).
Results
Characteristics of the sample
From the initial 116,023 participants who received the FFMQ, a total of 66,090 completed it. We excluded 2,400 pregnant women and 62 participants with missing data for weight or height, which left 63,628 participants available for analysis (49,228 women and 14,400 men). Compared to excluded participants, included participants were older (48.6 years for included participants vs. 41.6 years for excluded participants, P<0.0001), the proportion of men was higher (22.6 vs. 20.2%, P<0.0001), the proportion of individuals with university education level was higher (65.2 vs. 61.8%, P<0.0001), the proportion of smokers was lower (13.3 vs. 21.6%, P<0.0001) and the proportion of individuals with high physical activity level was higher (29.8 vs. 25.4%, P<0.0001). For included participants, the proportion of overweight persons (excluding obesity) was higher whereas the proportion of obese was lower compared with excluded participants (respectively 23.3 vs. 21.6 and 9.9 vs. 11.7 kg/m², P<0.0001).
Characteristics of the study population according to sex are shown in Table 1 . Compared to men, women were younger, and percentages of never-smokers, former or current users of relaxation techniques and individuals with high education levels were higher for women, while the prevalence of individuals with high physical activity levels was lower. Women also had lower BMI, and the prevalence of overweight was lower than in men. Men showed slightly higher scores for mindfulness, "acting with awareness", "non-judging" and "non-reactivity", but slightly lower scores for "observing" and "describing" subscales.
Socio-demographic and lifestyle correlates of mindfulness
Socio-demographic and lifestyle characteristics across quartiles of mindfulness scores, stratified by sex, are shown in Table 2 .
Men and women with higher mindfulness scores showed greater physical activity, a higher education level, practiced relaxation techniques more often, were older, and were slightly more often former smokers, than participants with lower mindfulness scores. In addition, women with higher mindfulness scores were less often overweight or obese, and had a slightly lower BMI, while men with higher mindfulness scores were less often obese. Finally, bivariate correlations between total mindfulness and BMI were: r = -0.05 (p<0.0001) for women and r = -0.02 (p<0.05) for men, while between total mindfulness and age they were r = 0.12 (p<0.0001) for women and r = 0.07 (p<0.0001) for men. See S1 Table. Association of mindfulness and its subscales with overweight and obesity according to sex Analysis of the association between mindfulness score, taken in quartiles and continuous, and weight status showed similar results (Table 3) . After adjustment for socio-demographic and lifestyle confounding factors, women with higher overall mindfulness scores were less likely to be overweight and even less likely obese. All subscales were inversely associated with overweight and obesity except for a non-significant association between overweight and "non-judging". In addition, the strongest association was found for the "observing" subscale. In contrast, in men, there was no significant association between overall mindfulness and overweight. Higher overall mindfulness was significantly associated with lower odds of obesity; however, the OR corresponding to Q3 vs. Q1 was not significant, indicating the absence of a linear relationship. Both "observing" and "non-reactivity" subscales were inversely associated with overweight and obesity. However, no association was found for "describing" and "non-judging" subscales. Finally, a positive association was observed between "acting with awareness" and overweight (both the trend across quartiles and the continuous score), but none of the quartiles vs. Q1 were significant and no association was found for obesity.
In sensitivity analyses, exclusion of current users of relaxation techniques did not change results, apart from the facet "acting with awareness", for which the OR corresponding to Q4 vs. 1 for overweight became significant in men (OR = 1.15 [1.02-1.29] ).
Discussion
This is the first general population-based study to examine relationships between dispositional mindfulness, its facets and weight status. In women, greater overall mindfulness was associated with lower odds of being overweight, and to an even greater extent, obese. Overall, all subscales were associated with weight status, with the strongest association found for the "observing" subscale. In contrast, in men, higher mindfulness was associated with lower odds of obesity only, and only the "observing" and "non-reactivity" subscales were inversely associated with weight status.
Sex-specific level of mindfulness
In this large nationwide sample, absolute scores of dispositional mindfulness and its subscales were within the same range as in previous studies [8, 25, 29, 36] . In our study, men had slightly greater scores of overall mindfulness than did women. The few studies assessing sex differences using measures of mindfulness based on different concepts contained contrasting results [22, 23, 37] . In agreement with our study, men had higher scores of overall mindfulness than women using the Comprehensive Inventory of Mindfulness Experiences Beta [22] and the Cognitive and Affective Mindfulness-Scale-Revised [23] , whereas another study reported no differences between men and women using the Freiburg Mindfulness Inventory [37] . Specifically, in our study, men had slightly higher scores of "acting with awareness", "non-judging" and "non-reactivity" and lower scores of "observing" and "describing" compared with women. Similarly, previous studies using the FFMQ showed that men had significantly higher scores for the "non-reactivity" facet [25, 26] and significantly lower scores for the "observing" [24, 26] and "describing" facets [24] . However, other studies showed no sex-specific differences [8, 38] . These sex differences in the mindfulness scale and subscales were small, although statistically significant due to the large sample size, while within-sex differences were much higher than between-sex differences.
Overall mindfulness and weight status
In women, a higher mindfulness score was associated with lower odds of overweight and, to a greater extent, obesity, while this inverse association was observed for obesity but not overweight in men. In addition, contrary to women, the association did not seem linear in men. The observed moderating effect of sex can be set against stronger associations found in women between unhealthy eating behavior, including emotional eating and overweight [39] . In the literature, mindfulness was inversely associated with weight gain in male military recruits [9] , and positively with weight loss in students [4] . In addition, college students with varying mindfulness levels showed no differences in anthropometric measurements [10] . Consequently, our findings in a general population greatly expand current knowledge gained in previous observational studies which were carried out on small samples of specific groups of individuals, and which did not take into account confounding factors. Mindfulness-based interventions have been shown to help overweight/obese participants maintain [17] and reduce weight [18, 19] , as well as military recruits [40] and students seeking to lose weight [4] . However, other studies observed non-significant results [20, 21] , and the very few randomized controlled trials with active controls provided only low evidence of no effect on weight [13, 41, 42] . In addition, most included very small or homogeneous samples [4, [17] [18] [19] [20] [21] [40] [41] [42] . Finally, observational studies focusing on mindful eating, which describes non-judgmental awareness of physical or emotional sensations associated with eating, have also shown that this specific dimension has a negative association with BMI, in agreement with our data [11, 12] .
Several hypotheses might explain why dispositional mindfulness is associated with weight. Mindfulness may enhance self-regulation [43, 44] , including that of appetite and consequently, energy balance and weight control. Participants with higher mindfulness scores have been found to report smaller serving sizes of energy-dense foods [36] . Another hypothesis is that mindfulness reduces eating driven by emotional or external cues. Consistent with this notion, negative associations of mindfulness scores with emotional and uncontrolled eating have been reported [45] . Mindfulness-based interventions have also been shown to decrease emotional eating and eating triggered by external cues [16] , as well as food craving [21] and binge eating [41] . Mindfulness intervention has also been shown to reduce chronic stress [17] , which could, in turn, reduce abdominal adiposity. Overall, these findings suggest that mindfulness minimizes automatic and emotional responses to food and in the eating process [20, 44] . However, we cannot exclude reverse causality. Weight changes could also modify levels of mindfulness or specific aspects of it. For example, weight gain might have a negative impact on self-acceptance [46] , which in turn may lead to lower levels of "non-judging".
Facets of mindfulness and weight status "Observing" was inversely associated with overweight and obesity in both men and women. Yet mindfulness begins by observing and attending to one's moment-to-moment internal and external experiences [47] . It is therefore a core aspect of mindfulness that is included in contemporary operational definitions [44, 48] . "Observing" has been shown to be associated with healthy behavior, including higher fruit and vegetable intake, and reported self-efficacy in reducing calories in both men and women [26] .
In our study, "describing", "non-judging" and "acting with awareness" were inversely associated with overweight and obesity in women only, except for the "non-judging" subscale that was not associated with overweight. This is in agreement with a previous study that found that "describing" was associated with physical activity, self-efficacy at resisting dietary relapse, and self-efficacy at reducing fat intake, but in women only [26] . Mood and emotional regulation differ between men and women [49, 50] and these differences could potentially explain existing differential associations for the three facets. Specifically, the "non-judging" component of mindfulness may allow women to accept their appearance and their thoughts rather than attempting to suppress them. Women, to a greater extent than men, have been shown to rely on avoidance techniques, including food-thought suppression [51] . Paradoxically, however, attempting to avoid unwanted thoughts about eating or weight has been shown not only to increase the frequency of these thoughts [52] , but also to exacerbate food-seeking behavior [53] . Conversely, dispositional mindfulness is negatively correlated with experiential avoidance, thought suppression [23] and habitual negative thinking [54] . People who present high levels of dispositional mindfulness have an inherent ability to observe their thoughts as transient mental events, in a decentralized way [55] . A recent experimental study showed that activation of this skill prevented hunger from enhancing the attractiveness of unhealthy foods, resulting in healthier food choices in both laboratory and real life conditions [55] . Acceptance-based craving intervention in an overweight or obese adult population has also proven useful for reducing obsessive thoughts about food and eating [20] .
Strengths and limitations
One strength of our study was its large sample size, providing high statistical power. The use of the internet for data collection gave access to a vast heterogeneous sample of volunteers in whom a wide range of socio-demographic and lifestyle characteristics were assessed, so as to effectively control for potential confounding factors [30] and improve the meaningfulness of the effects detected. The FFMQ is a useful instrument for measuring mindfulness that has been widely used and translated into several languages, including French [29] . It has satisfactory internal consistency, replicated in the present study.
The main limitation of the study was its cross-sectional design, preventing inference of causality. Prevalence of overweight was estimated using self-reported anthropometric data and may have led to misclassification. However, standardized clinical measurements on a subsample (n = 2513) of the cohort confirmed the validity of the web-based self-reported heights and weights from the NutriNet-Santé study and the resulting BMI classes [56] . Caution is also needed when generalizing our results, since the NutriNet-Santé study is a long-term cohort and participants are recruited on a voluntary basis, implying that they might have increased health consciousness and interest in nutritional issues. A selection bias might also have occurred, given the large sample loss, due to the fact that the questionnaire was optional. Finally, the sample size can also be a constraint since it produces significant results even though differences are small but it enables highly accurate estimates. To assess the significance of our results from a public health perspective, we compared odds related to the "observing" dimension in women with those linked to education level, which is a well-known determinant of obesity [57, 58] . In our study, the OR for obesity comparing university to primary education level was 0.41 [0.37-0.44]. Thus, an OR of 0.70 [0.64-0.77] for obesity comparing Q4 to Q1 of "observing" scores is probably meaningful at a population level.
Conclusion
The present cross-sectional study provides the first data on dispositional mindfulness in relation to overweight and obesity in a large population-based sample. In women, greater overall mindfulness was associated with lower risk of overweight and obesity. Overall, all subscales were inversely associated with weight status. In contrast, in men, higher mindfulness was associated only with lower risk of obesity, and only the "observing" and "non-reactivity" subscales were associated with lower risk of overweight and obesity. These preliminary findings support the interest of a shift in perspective taking into account positive psychological and cognitive factors such as dispositional mindfulness in the investigation of obesity and its associated factors. More studies, and in particular, longitudinal studies for identifying causality, are necessary to confirm and further refine these findings.
Supporting Information S1 
